Quinic acid (QA) is an active ingredient of Cat's Claw (Uncaria tomentosa), which is found to be active in enhancing DNA repair and immunity in model systems and able to generate neuroprotective effects in neurons. However, QA's role in improving survival is not well studied. Here we report that QA can provide protection in Caenorhabidits elegans and improve worm survival under stress. Under heat stress and oxidative stress, QA-treated wild-type C. elegans N2 (N2) survived 17.8% and 29.7% longer, respectively, than the control worms. Our data suggest that under heat stress, QA can upregulate the expression of the small heat shock protein hsp-16.2 gene, which could help the worms survive a longer time. We also found that QA extended the C. elegans mutant VC475 [hsp-16.2 (gk249)] life span by 15.7% under normal culture conditions. However, under normal culture conditions, QA did not affect hsp-16.2 expression, but upregulated the expression of daf-16 and sod-3 in a DAF-16-dependent manner, and downregulated the level of reactive oxygen species (ROS), suggesting that under normal conditions QA acts in different pathways. As a natural product, QA demonstrates great potential as a rejuvenating compound.
Introduction
N atural products have been playing an important role in antiaging research. For example, resveratrol was reported to be able to extend the life span of model organisms, including the yeast Saccharomyces cerevisiae, 1 the nematode worm Caenorhabditis elegans, and the fruit fly Drosophila melanogaster.
2 Although the life span-extending effect of resveratrol remains controversial, 3 more evidence has been obtained in support of the antiaging effect of resveratrol. 4, 5 Researchers interested in generating an antiaging effect by natural products are always trying to find new candidate natural compounds. In recent years, a water-soluble Cat's Claw extract called C-Med-100 was found to possess versatile protective activities; it can inhibit cell growth without cell death, thus providing enhanced opportunities for DNA repair [6] [7] [8] and the consequences thereof, such as immune stimulation, 7, 9 antiinflammation, 10 and cancer prevention. 6, 11 We found that quinic acid (QA), an active ingredient of Cat's Claw, could significantly improve the survival of N2 worms under both normal conditions and stress and significantly extend the life span of the C. elegans mutant VC475 [hsp-16.2 (gk249)]. Here we report that QA can upregulate the expression of, but does not depend on, hsp-16.2 to extend the worm life span and protect worms under stress. The upregulating effects of QA on the expression of daf-16 and sod-3 and the free radical scavenging effects of QA may jointly contribute to its beneficial properties.
Experimental Procedures
Reagents QA (98%; Sigma) was stored in water solution at -20°C. Floxuridine (FUDR; 98%; Sigma) was used as a reproductive suppressant to prevent the accumulation of worm progeny. Pyrogallol (Sigma) was used as a free radical provider. H 2 DCF-DA (2¢,7¢-dichlorodihydro-fluorescein diacetate) (Sigma) was used as a fluorescence probe. Juglone (5-hydroxy-1,4-naphthoquinone), a reactive oxygen species (ROS)-generating compound, was used to induce oxidative stress in worms.
Worm strains and maintenance
Standard nematode growth medium (NGM) 12 was used for C. elegans growth and maintenance at 20°C. Unless stated otherwise, plates were seeded with live E. coli.
Bristol N2 (Caenorhabditis Genetics Center [CGC] ) was used as the wild-type strain. The mutant strains CF1553 (muIs84), CF1588 [daf-16(mu86) I; daf-2(e1370) III; muIs84] containing the superoxide dismutase-34::green fluorescent protein (SOD-3::GFP)-linked reporter, used to visualize the SOD-3 expression, were from the CGC. The mutant CF1038 [daf-16(mu86) I] was from the CGC. The CL2070 (dvIs70), containing the heat shock protein- 16 Life span assays and stress-resistance Treatment plates were standard NGM media. Throughout the trials, we used the reproductive suppressant FUDR (Sigma, 100 mg/L) to prevent the accumulation of progeny on the treatment plates. 2 The timing of adding FUDR is important to avoid developmental abnormalities of C. elegans. 13, 14 We found that if FUDR was added on the second day after the worms reached adulthood, the worm life span was not affected, whereas the worms had a shorter life span if FUDR was administrated during worm development (data not shown). Use of FUDR could cause some life span variations in mutant but not wild-type C. elegans.
14 The possible interaction between FUDR and QA was ruled out because the preliminary life span assays of both N2 worms and mutants were done without FUDR, and similar results were generated by assays with FUDR treatment (data not shown).
Life span assays were performed at 20°C. Synchronized hermaphrodite N2 animals were transferred to treatment plates when young adults began to lay eggs of the indicated genotypes. The worms were then transferred to fresh treatment plates every 2 days for the first 10 days of the assays. Treatment plates were prepared by spreading different concentrations of QA stocks, 0 mg/mL, 0.05 mg/ml (0.26 lM), 0.1 mg/mL (0.52 lM), 0.2 mg/mL(1.04 lM), and 0.4 mg/mL (2.08 lM) diluted into live E. coli suspension, on the surface of the dry plates. Every experiment was repeated at least three times, and double blinds were conducted. For mutant VC475 [hsp-16.2 (gk249)] and CF1038 [daf-16(mu86) I], life span assays were carried out at the same conditions, but only under the selected concentration of 0.1 mg/mL of QA.
Heat shock assays were performed at 35°C using 2-dayold adults. The worms, shortly after reaching adulthood, were treated on treatment plates containing 0 mg/mL or 0.1 mg/mL QA for 2 days, and then transferred to an incubator with the temperature set to 35°C. The number of dead worms was recorded every hour. 15, 16 Every experiment was repeated three times and double blinds were conducted.
The fluorescence intensity of HSP-16.2::GFP in CL2070 (dvIs70) worms was detected by fluorescence microscopy. The worms were treated with 0 mg/mL or 0.1 mg/mL QA for 2 days, followed by heat shock (treatment at 25°C and 30°C for half an hour, respectively, and then 35°C for 1 hr) and recovery for 24 hr. 17, 18 Worms were fed on QA treatment plates during the heat shock and recovery periods.
Juglone sensitivity was assessed at 20°C using 2-day-old adults. L4 larvae were incubated on treatment plates containing 0 mg/mL or 0.1 mg/mL QA for 2 days, and then transferred to plates with 500 lM juglone. The juglone was diluted in absolute ethanol and added to NGM medium balanced at 55°C. The NGM plates were dried and used 3 hr after the preparation. The number of dead worms was counted and recorded every hour. Each treatment was repeated three times by double blinds. 18 Pyrogallol self-oxidation assay
The in vitro superoxide anion-scavenging effect of QA was measured by detecting the chemiluminescence in the pyrogallol-luminol system. All reagents were equilibrated in a water bath at a constant temperature of 25°C, then added to a glass luminescence tube (1 · 5 cm) in a water bath in the following order: 50 lL 1 mmol/L pyrogallol and 950 lL 0.1 mmol/L luminol (in sodium carbonate buffer, pH 10.2). The final concentration of QA was 0.1 mL/mL. Light emission was detected after a 15-sec delay at 25°C. 19 
GSH/GSSG ratio assay
The adult N2 worms were treated with or without 0.1 mg/ mL QA for 2 days. The reduced glutathione/oxidized glutathione (GSH/GSSG) ratio of C. elegans nematodes was determined using an enzymatic method with the GSH and GSSG Assay Kit (product no. S0053, Beyotime Institute of Biotechnology) following the manufacturer's manual. GSH in analyte could be oxidized to GSSG by chromophoric substrate 5,5¢-dithiobis-2-nitrobenzoic acid (DTNB), which reacts with GSH to form a spectrophotometrically detectable product at 412 nm, through which the GSH content from analyte can be determined directly. GSSG can be recycled to GSH by the GSH reductase, through which the total content of GSH, and GSSG can be determined indirectly through reaction. The GSSG content can be subsequently calculated from the difference between the total content of GSH and GSSG and the GSH content. 20 
Measurement of intracellular ROS in C. elegans
Intracellular ROS in C. elegans were measured with 2¢,7¢-dichlorodihydro-fluorescein diacetate (H 2 DCF-DA) as the molecular probe. For ROS detection at normal culture conditions, the worms that had just reached adulthood were treated with or without QA (0.1 mg/mL) for 2 days. For ROS detection under oxidative stress, worms that had just reached adulthood were treated with 300 lM juglone for 1 hr and then treated with or without QA (0.1 mg/mL) for 2 days. At the end of the specified treatment times, the C. elegans were collected into 100 lL of phosphate-buffered saline with 1% Tween-20 (PBST) in eppendorf tubes. The worms were then sonicated (Branson Sonifier 250, VWR Scientific, Suwanee, GA) and pipetted into the wells of 96-well plates containing H 2 DCF-DA (final concentration 50 lM in PBS). Samples were read every 20 min for 2 hr in a FLx800 Microplate Fluorescent Reader (Bio-Tek Instruments, Winooski, VT) at 37°C at excitation 485 nm and emission 530 nm.
21,22

Fluorescence quantification and visualization
Overall GFP fluorescence of GFP-expressing populations was assayed using a Thermolabsystems Fluoroskan Ascent microplate reader. Adult worms were treated with or without 0.1 mg/mL QA for 2 days. Twenty control or treated adult 574 ZHANG ET AL.
animals of the indicated age were transferred in 100 lL of S1 buffer to a well of a 96-well microtiter plate (black, clear, flatbottomed wells), and total GFP fluorescence was measured using 485-nm excitation and 530-nm emission filters. 23 Quadruple populations were used for each determination. For fluorescence microscopy, the worms were mounted with a drop of heavy mineral oil placed on a cover slip covered with 2% agarose. The GFP photographs of transgenic worms were taken using an Olympus FluoViewTM FV500 microscope.
18,23
Quantitative real-time PCR Adult worms were treated with or without 0.1 mg/mL QA for 2 days. Total RNA was extracted from adult worms with TRIzolÔ reagent (Invitrogen), and cDNA was produced by oligo(dT) priming. The RT-PCR primers were as follows:
daf-16 (NM_001026247), 5¢-TTTCCGTCCCCGAACTCAA-3¢, and 5¢-ATTCGCCAACCCATGATGG-3¢; sod-3 (NM_078363), 5¢-AGCATCATGCCACCTACGTGA-3¢, and 5¢-CACCACCATTGAATTTCAGCG-3¢;
ama-1, 5¢-CTGACCCAAAGAACACGGTGA-3¢ and 5¢-TCCAATTCGATCCGAAGAAGC-3¢.
ama-1 was used as the internal control. The expression of mRNA was assessed by quantitative real-time PCR on a BioRad IQ5 Multicolor Realtime-PCR Detection System using SYBR Green as the detection method. The gene expression data were analyzed using the comparative 2 -DDCt method, 24 taking ama-1 mRNA as the normalizer.
Statistical tools
The data of life span assays and stress resistance assays were processed with Kaplan-Meier survival analysis of SPSS 13.0. Accidentally lost worms were calculated as censored. p values were calculated by Kaplan-Meier log-rank pairwise comparison between the control and the treated groups. Data of three individual experiments were taken together to draw the survival. Other data were analyzed with Origin 7.0. The error bars in the figures are means -standard error (SE) (*p < 0.05; **p < 0.01).
Results
QA extends the life span of C. elegans under normal culture conditions
To investigate whether QA is able to extend worm life span under normal culture conditions, we exposed wild-type C. elegans (N2) (feeding on live E. coli OP50, hereafter E. coli) to different concentrations of QA (0, 0.05, 0.1, 0.2, 0.4 mg/ mL) at 20°C. Resveratrol, which has been widely studied for its life span-extending effects and other antiaging properties, 2, 4, 25 was used at 100 lM as a positive control. At 20°C, QA showed dose-related life span-extending effects, with the best effect at 0.1 mg/mL (extending 6.9% of the worm life span, p < 0.001), whereas the positive control resveratrol extended the worm life span by 5.2% ( p < 0.001) ( Fig. 1 ; Table 1 ). Heat-killed E. coli was also used for life span experiments to rule out the possibility that QA acted only to extend life span after being metabolized by live E. coli, and FIG. 1. Effect of quinic acid (QA) on the life span of N2 worms under normal culture conditions. At 20°C, QA exhibited different effects at different concentrations: 0.05 mg/mL (3.2%, n = 258), 0.1 mg/mL (6.9%, n = 193), 0.2 mg/mL (2.2%, n = 179), 0.4 mg/mL (-3.6%, n = 194); resveratrol (100 lM, positive control, 5.2%, n = 212). Rates of increase were calculated in comparison with the control (n = 183). Worms were fed on live E. coli strain OP50. Please refer to Table 1 for statistical data. (*) p < 0.05; (**) p < 0.01. similar results were generated (data not shown). Apparently, QA's life span-extending effect is statistically significant, but not convincing enough. Therefore, we went further to test its protective effect in worms under stress.
QA improves the worm survival under heat stress
In the thermotolerance assay, N2 worms were pretreated shortly after reaching adulthood, with QA at 0.1 mg/mL for 48 hr before being exposed to heat shock at 35°C. During the thermal stress treatment, dead worms were counted every hour. Results showed that QA pretreatment enhanced the worm's resistance to heat stress, and thus brought an increased survival rate under the heat shock. The mean survival rate was significantly increased, up to 17.8% by QA at 0.1 mg/mL (P = 0.0001, relative to the control) ( Fig. 2A ; Table 2 ).
Because QA could improve the thermotolerance, of C. elegans, we predicted QA might upregulate the expression of HSP-16.2, which is a downstream effector of DAF-16 and can serve as a stress-sensitive reporter to predict longevity in C. elegans, with a higher level of HSP-16.2 predicting longer life span. 17, 26 The reporter transgene HSP-16.2::GFP in transgenic strain CL2070 (dvIs70) was used to visualize hsp-16.2 expression. CL2070 (dvIs70) mutants were treated with heat shock at 35°C for 1 hr and allowed to recover at 20°C for 24 hr. HSP-16.2::GFP fluorescence intensity was investigated at three different time frames-before, shortly (4 hr) after, and 24 hr after heat stress. Before heat stress, the HSP-16.2::GFP fluorescence intensity was hardly detected, whereas 4 hr after heat stress, there was an increase but no significant difference between the control and the QA-treated group (Fig. 2B) . Twenty-four hours after heat shock, HSP-16.2::GFP fluorescence intensity was increased significantly, and a significant difference was observed in worms treated with QA at the concentration of 0.1 mg/mL ( p < 0.01, compared to the control) ( Fig. 2C-E) .
In other words, QA upregulates the HSP-16. , compared to the control) ( Fig. 2F; Table 3 ). This suggests that although the upregulation of HSP-16.2 is important in the survivalenhancing effect of QA under heat stress, HSP-16.2 is not indispensable for QA to extend worm life span under normal culture conditions. QA upregulates sod-3 expression in a DAF-16-dependent manner sod-3 is one of the target genes of DAF-16 that is critical for life span and stress resistance regulation, and it plays an important role in the aging process of C. elegans. 26 We also wanted to know whether QA could modulate the expression of sod-3. The C. elegans strain CF1553 (muIs84) containing the 576 ZHANG ET AL.
SOD-3::GFP reporter gene was used to visualize the effect of QA on sod-3. In CF1553 (muIs84), QA at the concentration of 0.1 mg/mL significantly upregulated the fluorescence intensity of SOD-3::GFP ( p < 0.05 compared to the control) ( Fig.  3A-C) . In addition, SOD-3::GFP fluorescence intensity in CF1553 (muIs84) was investigated in a 9-day time period to confirm the modulating effect of QA on sod-3. It was found that QA could keep the SOD-3::GFP fluorescent signal at a higher level, compared to the control, although QA could not cease the reducing tendency of SOD-3::GFP fluorescence Table 3 for statistical data. The error bars indicate -standard error SE). (*) p < 0.05; (**) p < 0.01. OP50, E. coli strain OP50.
intensity during the 9 days of the worm adulthood (Fig. 3D) . At the mRNA level, the upregulation of QA on sod-3 was also observed by quantitative real-time PCR ( p < 0.05 compared to the control) (Fig. 3E) . DAF-16/forkhead transcription factor, the downstream target of the insulin-like signaling in C. elegans, is indispensable for both life span regulation and stress resistance under many conditions. 27 Therefore, daf-16 might be required for the beneficial effects of QA. Quantitative real-time PCR results showed that the expression of daf-16 was upregulated significantly by 0.1 mg/mL QA (Fig. 3E) .
Because sod-3 is a target gene of DAF-16, we further investigated whether QA regulated sod-3 expression through daf-16. Because DAF-16 is the main target of the DAF-2 pathway, 28, 29 we used the double mutant CF1588 [daf-16(mu86) I; daf-2(e1370) III; muIs84] to test this relationship. We did not have the single mutant for daf-16 constructed with SOD-3::GFP, but because DAF-16 is the main target of DAF-2 pathway, 29, 30 we therefore used the double mutant CF1588 [daf-16(mu86) I; daf-2(e1370) III; muIs84] to test this relationship. We found that when daf-16 was mutated, in the mutant CF1588 fluorescence intensity of SOD-3::GFP could not be upregulated by QA treatment (Fig. 3C) , suggesting that QA upregulated sod-3 expression through DAF-16.
We wanted to further confirm the indispensable role of daf-16 for the beneficial effects of QA. Mutant CF1038 [daf-16(mu86) I] was used to test the necessity of daf-16 in the life span-extending effect of QA. Whereas QA could extend the life span of wild-type C. elegans, as we previously mentioned, no significant difference was observed between the control and 0.1 mg/mL QA-treated CF1038 [daf-16(mu86) I] worms ( Fig. 3F ; Table 4 ), suggesting that daf-16 was required in the life span-extending effect of QA.
QA keeps reactive oxygen species at a lower level in C. elegans
In 1954, Harman initially advanced the free radical theory of aging and hypothesized that free radical species cause deterioration of an organism. 31 On one hand, aerobic organisms have developed a cellular metabolism that takes oxygen as an electron acceptor, but they continuously generate ROS, specifically, hydroxyl radicals, superoxide anions, and hydrogen peroxide; on the other hand, they possess antioxidant defense systems that can effectively remove these ROS. 31 Because we found QA could upregulate the expression of hsp-16.2 ( Fig. 2) and sod-3 (Fig. 3) , we wondered whether QA could subsequently downregulate the level of free radicals. QA was investigated for antioxidant properties and demonstrated a free radical-scavenging effect in vitro and in vivo. In a chemical system, the free radicals produced by pyrogallol self-oxidation were efficiently scavenged by QA at 0.1 mg/mL in vitro (demonstrated 21.5% reduction) (Fig. 4A) . The GSH/GSSG ratio was then evaluated in vivo. Reduced GSH, a tripeptide (c-glutamylcysteinylglycine) with a free thiol group, is a major antioxidant that provides reducing equivalents for the GSH-peroxidase-catalyzed reduction of hydrogen peroxide and lipid hydroperoxides to water and the corresponding alcohol, during which GSH becomes GSSG. 32 When worms are exposed to increased oxidative stress, the ratio of GSH/GSSG will decrease as a consequence of GSSG accumulation. The GSH/GSSG ratio is a useful indicator of oxidative stress and can be used to monitor the effectiveness of Table 5 for statistical data. Every data point is the average value of three trials. The error bars indicate -standard error (SE). (*) p < 0.05; (**) p < 0.01.
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antioxidant intervention strategies. 33 In this study, worms treated with QA (0.1 mg/mL) showed a GSH/GSSG ratio with a 34.9 % increase compared to the control (Fig. 4B) . If QA could downregulate the level of free radicals directly by scavenging free radicals in vivo, as the upregulated GSH/GSSG ratio implies, and indirectly by upregulating the expression of hsp-16.2 ( Fig. 2 ) and sod-3 (Fig. 3) , the intracellular ROS level in C. elegans should be lower in the QAtreated worms than that of the control. Consistently, under normal culture conditions, QA at the concentration 0.1 mg/ mL could inhibit the production of ROS significantly by 35.7% in vivo (Fig.4C ). In the following assays, the ROS levels were detected in N2 worms treated with juglone (300 lM). Data showed that, under juglone-generated oxidative stress, QA could effectively reduce the ROS accumulation, detected in a 90-min time course (Fig. 4D) . The data from intracellular ROS levels are consistent with those from chemical system and GSH/GSSG assays.
This was further confirmed when we evaluated the protective effect of QA to oxidative stress. N2 worms were exposed to juglone (500 lM), following 48 hr of pretreatment with QA at 0.1 mg/mL shortly after reaching adulthood. Juglone, a prooxidant that can be reduced with nicotinamide adenine dinucleotide phosphate (NAD[P]H) by diaphorases, converts oxygen to superoxide anion, and consequently increases intracellular oxidative stress. 18, 34, 35 The results showed that QA pretreatment improved the worm's resistance against oxidative stress induced by juglone. The mean survival rate was significantly increased up to 29.7% by QA ( Fig.4E ; Table 5 ).
Discussion
QA can significantly extend the life span of N2 worms under normal culture conditions; however, the life span extension rate is not extremely convincing. We evaluated the antiaging effect of QA under various culture conditions. Under heat stress, QA could significantly improve the survival of N2 worms by 17.8%. This might be generated by the upregulative effect of QA on the expression of heat shock protein HSP-16.2, which could improve the stress resistance and serve as a stress-sensitive reporter to predict longevity in C. elegans. 17, 26 When exposed to toxic compounds or stress conditions, the expression of HSP-16.2 in C. elegans could be induced, 36, 37 which would help the worms survive.
In our study, the hsp-16.2 expression was upregulated by QA treatment. Was this due to conditional stress caused by QA-treatment? If so, we should be able to observe that the expression of hsp-16.2 was induced by QA treatment without heat induction. However, in our study, hsp-16.2 expression was induced only after heat stress (Fig. 2B) . So QA did not generate stress on the worms to induce hsp-16.2 expression. More importantly, QA could upregulate the hsp-16.2 expression after heat stress, and we suggested here that this could contribute much to the significantly improved thermotolerance of QA-treated C. elegans.
However, in a similar study, Strayer et al have found EGb 761, a standardized extract of Ginkgo biloba leaves, which has been shown to have antioxidative properties, can increase stress resistance by suppressing hsp-16.2 gene expression. 17 They interpreted the suppression of HSP-16.2::GFP fluorescence intensity as an indication that EGb 761 decreases cellular stress resulting from exogenous treatments, therefore leading to a decreased transcriptional induction of the reporter transgene that was induced by the prooxidant juglone and by heat shock. 17 We suggest that QA acted differently from EGb761 and provided protection not through decreasing the internal level of stress caused by thermal stress, but rather by increasing the expression of stress-responsive genes, such as daf-16, hsp-16.2, and sod-3. In addition, we observed the upregulatory effect of QA on these genes.
In addition, mutant VC475 [hsp-16.2 (gk249)] was used to investigate whether hsp-16.2 was indispensable for QA to take effect as an antiaging agent. Results suggested that when hsp-16.2 was mutated, QA could still extend the worm life span, with an increase of 15.7% in the mean lifespan of QA-treated VC475 [hsp-16.2 (gk249)] worms ( Fig. 2F ; Table  3 ). This indicates that HSP-16.2 is not an indispensable effector but one of the DAF-16-targeted effectors resulting in extended longevity and enhanced stress resistance for C. elegans. Interestingly, this is consistent with the hsp-16.2 expression in the QA-treated N2 worms under normal culture conditions, which showed that QA only generated an effect on the hsp-16.2 expression under stress.
Therefore, under heat stress, hsp-16.2 was induced by QA treatment to express more to improve survival, whereas under normal culture conditions, hsp-16.2 expression was not changed by QA treatment, which could explain why QA could extend the life span of mutant VC475 [hsp-16.2 (gk249)] worms when hsp-16.2 was mutated. Thus, QA must work to demonstrate its beneficial effects through other pathways besides hsp-16.2. We investigated the free radical-scavenging effects of QA in vitro and in vivo. QA was found to be capable of scavenging free radicals in both the chemical system and living worms (Fig. 4A,C,D) . Moreover, the GSH/GSSG ratio (Fig. 4B ) and the expression of sod-3 (Fig. 3) were both upregulated by QA, which would consequently downregulate the ROS level in worms. Consistently, the total ROS level in normal worms and juglone-treated worms were both reduced by QA (Fig. 4C,D) . This was confirmed when we found that QA could improve the N2 worm survival under oxidative stress (Fig. 4E) .
Meanwhile, the upregulation of daf-16 possibly, but not certainly, modulate the expression of the DAF-16-targeted genes, such as sod-3 and hsp-16.2, which are both important for life span and stress-resistance regulation. 17, 26, 27 And the effects of QA on the expression of daf-16, sod-3, and hsp-16.2 are consistent (Figs. 2 and 3) .
Therefore, we conclude that under heat stress, QA could improve worm survival by upregulating the expression of hsp-16.2. Under normal culture conditions, QA would extend the life span of N2 worms and more significantly extend the life span of mutant VC475 [hsp-16.2 (gk249)] worms by upregulating the daf-16 expression, which would consequently regulate its targeted genes such as sod-3, by improving DNA repair as reported previously. [9] [10] [11] As a natural in vivo antioxidant, QA is a safe and reasonable antiaging candidate with great potential.
